The first report of the production of a toxin by the Staphylococcus aureus that damages the kidney was given by Neisser and Levaditi (1) in 1900. These authors described the kidneys of rabbits that had received injections of the toxin as being greyish white with irregular red areas. The external portion of the cortex was white, opaque and semlpurulent. The histologic study revealed two inflammatory zones with fragmenting polymorphonuclear leucocytes surrounding a third intermediate zone of necrosis, within which the cells of the convoluted tubules were necrotic, their nuclei pale staining and somefimes~fragmented. The gl0mernU were engorged, filling the capsule of Bowman; some glomernli were necrotic and surrounded by an albuminous or hemorrhagic exudate. The epithelium of Bowman's capsule was in some instances destroyed, in others, proliferated. The most striking lesion was in the small blood vessels below or at the border of the inner zone. These vessels were obstructed by masses formed of fragmented leucocytes, or by fibrin thrombi. Later, Neisser and Wechsberg (2), and more recently, Forssman (3), and Rigdon, Joyner and Ricketts (4) have reported essentially the same results following the injection of toxin into rabbits. This paper deals with the effect of the staphylococcus toxin on the kidneys of rabbits and cats. Much of the material described here was collected by Weld and Gunther (5) and was briefly alluded to by them in their report in 1931.
This paper deals with the effect of the staphylococcus toxin on the kidneys of rabbits and cats. Much of the material described here was collected by Weld and Gunther (5) and was briefly alluded to by them in their report in 1931.
Methods
Toxins were prepared according to the method described by Parker, Hopkins and Gunther (6) . The organisms from which the toxins were made were obtained from different sources. The strength of toxin produced varied. The toxin was tested for its potency and the suitable dose determined that would produce renal lesions. In every instance it was injected intravenously.
The tissues were fixed in Zenker's solution without the addition of either acetic acid or formalin. The sections were stained in a variety of ways: hematoxylin-1 eosin, Weigert's elastic tissue stain followed by hematoxylin-eosin, Mallory's phosphotungstic acid hematoxylin, Gram's stain and McGregor's azan carmine.
Effect on Rabbits
Eighteen young rabbits were used in the experiment. A dose of the toxin sufficient to produce lesions in the kidneys was given and the animals were killed at varying intervals. Thus, it was hoped to follow the development of the lesions.
One rabbit was given 0.3 cc. of the toxin intravenously; two others 0.5 co. each. They were killed at the end of 1 hour.
No definite alterations could be made out in the kidneys. The time interval was apparently too short.
Two animals were killed at the end of 2 hours after the toxin injection. One had received 0.15 co., the other 0.18 co. of toxin. Areas of injection of the cortex of the kidneys were found in the gross. Histologically, the capillaries in many of the glomeruli were dilated. The epithelial cells of the convoluted tubules were swollen, pale staining and the cytoplasm finely granular. Fibrin could not be found in the blood vessels.
Three animals were killed 4 hours after receiving the toxin, in doses of 0.15, 0.2 and 0.3 cc., respectively. On gross examination the kidneys were found to be swollen and tiny hemorrhages could be seen in the cortex just beneath the capsule. The histologic examination revealed definite changes. The tubules in the superficial portion of the cortex were spread apart by hemorrhages. In each of these animals the capillaries of many of the glomeruli were dilated. In the animal that received 0.15 cc. of the toxin, in addition to dilatation of the glomerular capillaries, there were numerous chromatin particles from the fragmented nuclei of the glomerular endothelial cells. The capsular spaces were reduced in size by the dilatation of the capillaries, yet most of the capsular spaces, whether the capillaries were dilated or not, contained granular precipitate. The arterioles leading to the engorged glomeruli were distended with blood and about these vessels hemorrhages were sometimes seen. In the two animals that received the larger doses, some of the arteries extending upward through the cortex that gave off the afferent glomerular arterioles, were found to be greatly dilated, their walls were necrotic and infiltrated with blood. Their lumina contained some fibrin. The epithelial cells of the convoluted tubules were swollen, pale and finely granular. Granular precipitate was present in the lumina of the tubules. In one animal with the severe arterial damage, some loops of Henie were found lined by necrotic epithelial cells. There was no inflammatory reaction present in these kidneys.
One animal was killed 8 hours after receiving 0.15 cc. of toxin. The kidneys were mottled with small hemorrhages. The histologic changes were essentially the same as in the preceding group except that the damage was greater. Many arteries in the cortex were necrotic and fibrin was present in their lumina.
Six rabbits were each given a single dose of toxin varying from 0.1 to 0.25 cc. One animal was killed after an interval of 12 hours, one at the end of 20 hours, one at 22 hours and three at 24 hours. The kidneys of each animal were severely in-jured. Hemorrhages were present in the cortex, and in some kidneys small opaque areas with a faint yellow tinge were found.
In the animal killed at the end of 12 hours, the histologic study of the kidneys revealed hemorrhages between the tubules, engorged glomeruli, some of which had fragmenting nuclei, and hemorrhage into the capsular space. Fibrin was present in some of the capillary loops and in a few capsular spaces. Many arterioles had necrotic walls infiltrated with red blood cells and fibrin, and compact fibrin was adherent to their inner surfaces. The epithelial cells of many convoluted tubules were so swollen that they obliterated the lumen of the tubules; their nuclei were shrunken or had disappeared. Many of these ceils were obviously necrotic. Leucocytes had collected about these tubules. In the lumina of other convoluted tubules, fibrin was found and the epithelium was necrotic.
The kidneys of the animal sacrificed at the end of 20 hours showed essentially the same changes as those found in the animal killed 12 hours after injection.
In the animal killed at the end of 22 hours, a wide band of necrosis in the cortex was found, bordered by interstitial hemorrhage. At the outer margin of the necrotic area, the epithelial cells of the tubules were swollen and their nuclei had disappeared. The capillaries of the glomeruli were greatly distended; in many, the endothelial ceils had disappeared and the epithelium over them was swollen. In the central part of the necrotic area, the epithelial ceils of the tubules stained palely; their nuclei were fragmenting. These tubules were somewhat separated from each other by edema fluid. There was little hemorrhage between them.' The glomerular capillaries were not so distended as in the outer zone; they contained laked blood and the nuclei of the endothelial ceils were pyknotic. Similar changes were found in the epithelial ceils of Bowman's capsule. At the junction of the outer and inner zones of the necrotic area fragmenting leucocytes were often seen densely packed between the tubules. Many of the arteries in the central part of the necrotic area were necrotic and their lumina were filled with fibrin while red blood cells had escaped into their walls.
Two of the animals killed at the end of 24 hours presented renal changes identical with those described in the animal sacrified at 22 hours.
In the other animal killed after 24 hours, the renal damage was not so extensive. There were sharply localized cortical areas in which some of the glomeruli showed dilated capillaries with loss of endothelium and the epithelium over these loops was swollen. The cells of the convoluted tubules were necrotic, swollen and anudear. In a few of these areas leucocytes had begun to accumulate. No lesions could be found in the arteries.
Two rabbits were given 0.4 and 0.5 cc. of toxin, respectively, and died at the end of 2 days. The changes were identical with those described in the animals killed at the end of 22 hours except that more leucocytes had collected at the margin of the necrotic zone.
One animal, given 0.2 cc. of toxin, was allowed to live for 3 days. The changes in the kidneys were not so advanced. The arteries were normal. Many glomer-EFFECT OF S. AI~REUS TOXIN ON THE KIDNEY ular capillaries were distended; in a few of them the nuclei of the endothelial cells were fragmenting. An occasional glomerulus was found with only a single loop distended to a size greater than that of an uninvolved glomerulus, and crowding the other loops of the glomerulus against Bowman's capsule. Other glomeruli were bloodless and shrunken. The epithelium over the involved glomeruli was unusually prominent. The epithelium of the convoluted tubules about the injured glomeruli had undergone necrosis; fibrin was present in the lumina of these tubules. Some of them were being relined with flattened epithelium and necrotic epithelial ceils filled the lumen, often in a compact mass.
Effect on Cats
I t was deemed advisable to study the effect of the toxin in an animal other than the rabbit; conceivably the changes produce d might be different. Ten young cats weighing from 460 to 1550 gm. were selected. The toxin was injected into one of the leg veins, usually the femoral vein. The amount of toxin injected varied from 0.12 cc. to 1.5 cc. Most of the animals lost weight. None was killed. In Table  I is shown the weight of the animal, the amount of toxin given and the length of time of survival.
Gross Changes in the Kidneys.--When small doses were given, the kidneys presented no gross abnormality. Thus, in seven of the animals the kidneys appeared normal. In one of the other three animals the cortical vessels were greatly engorged; in the other two petechiae were present in the cortex. The absence of striking gross lesions was in contrast to the abnormal appearance of the kidneys of the rabbits that had been given the toxin.
ttistologic Alterations in the Kidney.--The main effect of the toxin was upon the glomeruli and especially upon those glomeruli in the inner half of the cortex. Usually the capillary loops were not uniformly involved in any single damaged glomerulus. The extent of the damage varied according to the amount of the toxin given.
The earliest detectable change was the dilatation of some of the capillary loops of the glomerulus, often to three times the normal calibre. The red blood cells in these distended loops were frequently pale and in some instances, delicate strands of fibrin were present in the capillary lumen. The endothelial cells lining these distended capillaries were pale staining, their outlines vague and their nuclei fragmented. Occasionally a mitotic figure could be found in the endothelium. The epithelial layer over these damaged capillary loops could not be made out. The capsular space was empty. No alterations could be detected in the epithelium of the tubules. The arterioles were normal. When a somewhat larger amount of the toxin was given the distention of the glomerular capillaries was more marked though frequently only two or three loops would be involved. These loops were so dilated that at times the diameter was greater than that of an entire uninvolved glomerulus. A few endothelial cells could be found in some of the injured glomerular capillaries, and some of them had no epithelial covering. Fibrin was present in some of these capillaries. The capsular space was partially or completely obliterated by the dilated glomerular capillaries. About many glomeruli the capsular space was filled with a solid coagulum that in part was composed of fibrin. The coagulum extended down into the first part of some of the proximal convoluted tubules. The epithelial cells were absent where the distended glomerular capillaries pressed against the capsule of Bowman. In other places the capsular epithelial cells were often larger than normal and stained deeply with hematoxylin, as though recently regenerated. When the coagulum filled the space, the capsular epithelium had disappeared for the most part. There was some flattening of the epithelium by the coagulum present in the first part of some of the proximal convoluted tubules. Other than this the only alteration in the epithelium of these tubules that could be detected was fine eosin-staining granules in the cytoplasm. The arterioles were normal.
When the damage was most severe, a compact layer of fibrin was pressed against the inner surface of the basement membrane of the distended capillaries of the glomeruli and delicate fibrin strands often extended toward the center of the lumen (Fig. 1) . The endothelium had entirely disappeared in these loops, or cells resembling endothellum were occasionally seen extending along the fibrin. The red blood cells in the lumina of the distended capillaries stained normally though in some instances they were fused together. Sometimes only a single capillary loop was involved, the others being crowded aside, compressed against the capsule of Bowman and bloodless. The dilated glomerular capillary in some instances was covered by proliferating epithelium; over others the epithelium was lacking. The capsular epithelium was found sometimes to have proliferated, and mitotic figures were occasionally present in these cells. Rarely, a moderate number of polymorphonuclear leucocytes was collected at the periphery of the dilated capillary loop. The capsular space was reduced or almost obliterated by the dilatation of the capillaries; frequently what remained of it was filled with a compact mass of eosin-staining material, in part fibrin, that extended into and filled the lumen of the proximal convoluted tubule. Sometimes red blood cells could be distinguished in this coagulum. The tubules immediately adjacent to many involved glomeruli were compressed, seemingly because of the distention of the capsule of Bowman by the dilated glomerular loops. The epithelium of some of the convoluted tubules showed definite necrosis.
In one animal the epithelium of several large groups of tubules in the pyramid was necrotic. Hemorrhages were present in the interstitium of the cortex in some of the kidneys. An acute inflammatory reaction was rarely observed in the cortical interstitial tissue of the kidneys.
Only one animal in which the renal damage was severe showed any change in the arterioles. In this instance some of the afferent arterioles just outside the injured glomeruli contained compact fibrin similar to that in the altered capillary loops.
The basement membranes of the glomerular capillaries were always intact though stretched and thinned out in the distended loops. In none of the animals could an), other defect in this membrane be discovered.
DISCUSSION
It is obvious from the experiments reported here and those of previous observers that a toxin is elaborated by the hemolytic Staphylococcus aureus in vitro that produces severe damage in the kidneys of rabbits and cats. There is, however, some disagreement as to the pathogenesis of the lesion. Levaditi and Neisser, and Neisser and Wechsberg believed the lesions to be in the nature of infarcts. Rigdon, Joyner and Ricketts were of the opinion that the toxin injured the epithelial and endothelial cells of the glomeruli and the epithelium of the convoluted tubules and loops of Henle. They also stated that the endothelial cells of the glomeruli appeared more resistant to the toxin than the epithelium of the tubules.
In our own material from rabbits definite lesions could be found in glomeruli as soon as 4 hours after the injection of the toxin and at this time some arteries, also, were necrotic. The changes in the vascular elements of the kidneys were further advanced than those in the epithelium of the tubules. When the arteries were occluded by fibrin the circulation must have ceased through certain portions of the cortex and it would seem most plausible that this occlusion determkied in many of the kidneys the widespread cortical necroses that are indeed of the nature of infarcts. It is of interest that in the rabbits in which the arteries were not involved, the widespread infarct-like lesions were absent. As regards the changes in the epithelium of the tubules, these could well be accounted for by the interference of the glomerular circulation resulting from the damage to the capillary loops.
In the kidneys of the cats the arterioles were seldom injured, the initial damage being in the glomerular capillaries. It is difficult, however, to explain the varying degree of this damage in the different loops of a glomerulus. The changes in the epithelium of the tubules were never so intense as in the glomerulus; the most reasonable explanation for this is that the tubules were involved secondarily. The fact that the arteries were not injured probably accounts for the absence of the infarct-like lesions, so commonly found in the rabbit's kidneys.
No lesions comparable to those in the kidneys of the rabbits and cats could be found in the other viscera of these animals. The toxin when injected intravenously appears to damage the kidney selectively and, furthermore, to damage primarily the blood vessels of the kidney. CONCLUSIONS 1. The hemolytic Staphylococcus aureus elaborates a toxin in vitro that when injected intravenously produces lesions in the kidneys of rabbits and cats.
2. The toxin injures primarily the blood vessels of the kidney.
